Introduction
Mining for fossil fuels, metals and minerals is essential for human society (Azapagic, 2004) and that demand has increased since industrialization. It places a pressure on the legislature to prioritise the values society places on access to materials without necessarily fully assessing or valuing the environmental costs of that access (Hilson and Basu, 2003; Laurence, 2011) . Environmental Impact Assessment (EIA) is mandatory for mining in India by the 1994 notification under the Environmental Protection Act (EPA, 1986) . In an EIA, mitigation measures are proposed in an Environment Management Plan (EMP) to avoid or reduce environmental and social impacts (Paliwal, 2006) . The EIA should iterate the expected impact on the environment, its biota and the ecosystem services they provide together with the proposed measures to remove, reduce or compensate for the detrimental effects of mining (Drayson and Geology and Mining, 2015) . The Western Ghats-Sri Lanka Biodiversity Hotspot was established in 2000 (Myers et al., 2000) . The Western Ghats are recognised as being one of the three most threatened biodiversity hotspots in the world (Cincotta et al., 2000) . Ferricretes in the northern section of the Western Ghats (NWG) are recognised as fragile habitats with high levels of endemism. They are described by Bharucha (2010) as hotspecks-miniscule areas of species concentration, varying in size from five to a few hundred square meters falling within or far outside today's recognized hotspots where species packing of diverse groups, including many endemics is found. New bauxite mining proposals in Northern Western Ghats (NWG) have been strongly opposed due to their predicted negative impacts on environment and society. In response to the opposition, mining companies have undertaken model restoration efforts at some sites. It has been argued that present models of restoration can successfully mitigate environmental impacts of bauxite mining and hence permissions to operate new mines on lateritic plateaus should be granted. Decision making regarding environmental clearance (by the State Environmental Authority) or forest clearance for diversion of forest land for mining (by the State Forest Department) has become a long drawn out process as environmental, social and corporate interests clash repeatedly over mining applications in Northern Western Ghats. The present review was undertaken to discuss issues in restoration of bauxite rich ferricretes in NWG of Maharashtra.
The specific objectives of our study were, 1. To document vegetation and select fauna from unmined ferricrete as reference sites.
2. To discuss ecological, social and legal aspects of restoration on mined ferricrete using information from the reference sites.
High altitude ferricrete sites from Kolhapur and Sindhudurg districts were chosen for the review.
Materials and Methods

Study area
The Western Ghats (WG) are a 1500km long range of hills with an erosional escarpment on their western edge. In the northern section the lateritic soils form wide, flat indurated platforms on hill crests and ridges between 15°60' and 18°20'N and at 800-1400m above mean sea level (ASL) (Widdowson and Cox 1996) . These indurated platforms are ferricretes, or "sadas" in Marathi. The ecology and biodiversity of the ferricretes in the NWG has been described by Porembski and Watve (2005) , Lekhak and Yadav (2012) and Watve (2013) . Unique floral and faunal elements on ferricretes were documented by Joshi and Janarthanam (2004) ; Giri and Bauer (2008) ; Bhattarai, et al. (2013) ; Rogers and Padhye (2014) .
Ferricretes in the WG are between 6 and 30m thick (Goudie, 1973) . Bauxite occurs as thick capping on basalt in the Kolhapur district (Balasubramaniam and Paropkari, 1975 
Methodology
In order to answer the questions, "Does mining change ferricrete biodiversity?" and "are current restoration practices adequate?" we analysed the steps in restoration and its documented outcomes from mined sites. Microhabitat diversity, plant communities and selected faunal groups were observed on two unmined sites (Masai and Zenda), which provide reference for comparing restoration efforts on mining sites at Kasarsada and Durgamanwad. Table 1 gives details of the sites where the observations were carried out.
Direct observations were used for both quantitative and qualitative data regarding the habitats. Plant communities in diverse microhabitats were documented on two sites, Zenda and Masai between 2005-2014 as a part of ongoing study of ferricretes in NWG.
The wide variety of possible measures of biodiversity has been discussed in the literature. Biological surrogates are representative taxa that are known to change in species composition and abundance reflecting a wider group of species. They can be used as measures of richness, endemism, rarity, and complementarily of taxonomic or functional groups that are presumed to be indicators of biodiversity patterns at large. Gaston and Blackburn (1995) divide surrogates into following groups : (i) the species richness of indicator groups (delimited on the basis of taxon or function); (ii) the levels of various environmental parameters (e.g. precipitation, primary productivity, temperature, and positional correlates such as latitude, longitude and altitude); and (iii) the numbers of higher taxa (e.g. genera, tribes, families). For the present study, indicator groups of fauna were selected as surrogates for biodiversity pattern. Quantitative ecological observations of the selected faunal surrogates (amphibians, formicidae and aquatic coleopteran) were made on Zenda and Masai sites. Two of the mined sites, Kasarsada and Durgamanwad, where restoration has been carried out were visited for comparison. Observations were also made on Mogalgad and Idarganj sites.
Secondary information was collected from published papers and EIA, EMP and reports on mitigation and restoration projects of mined ferricretes. Policies and guidelines from the Ministry of Environment and Forest regarding mines are reviewed with special reference to bauxite mining in sensitive habitats within a global hotspot. Literature on mining and its impacts in India is limited. Kumar et al., (1995) conducted afforestation studies on laterites and mine dumps in Goa. Environmental and social impacts of bauxite mining are studied by Lad and Samant (2012) . Kulkarni et al., (2013) have documented the technical restoration efforts by HINDALCO on two bauxite mining sites. Publications on bauxite mining in other countries were reviewed.
Results
Ferricretes in Kolhapur district are separated from each other by erosional valleys. The distance between the sites varies from 1km linearly within a cluster to 10kms-50kms between the clusters. The plant communities on ferricretes are similar to each other but differ widely from those occupying surrounding weathered landscapes. Bhattarai et al., (2012) in their studies on Kas plateau in Satara have noted hydrology to be one of the key factors driving specialisation with 80% of the hydrogeomorphic species in the study area plateau tops. Scarcity of soil, extremes of climate, especially temperature and rainfall, influence vegetation on ferricretes where cryptogams and ephemerals are dominant. It has been shown that species richness of plateau communities is related to the range of available micro-habitats (Katwate, et al., 2013, Rahangdale and Rahangdale 2014 
Description of Microhabitats and ecological functions
A brief description of microhabitats seen on these two sites is given below. Ecological functions reported for the microhabitats are included in Table 2 .
Exposed rock surface
All rock surfaces exposed for enough time are covered in a crytpogamic or Biological Soil Crust (BSC). On ferricretes they are comprised of a vegetative complex of cyanobacteria, cyanobacterial lichens and bryophytes. They provide basking areas for many reptiles.
Loose and semi buried rocks
Rocks comprising of the parent material, varying in size from less than 10mm to more than a meter were common on unmined plateaus (Photo 1). This habitat is an important feature of all less disturbed sites such as Zenda, Idarganj and Mogalgad. On Masai, boulders have been removed by villagers for construction. Boulders have BSC, chlorophytic lichens, as well as niches for higher plants to establish. Moss cushions and ferns, lithophytes such as Hoya spp., orchids (Aerides, Dendrobium) are frequently found on boulders.
They provide refugia for a wide range of invertebrates, reptiles and amphibians as well as elevated display points essential for many breeding amphibians.
Rock crevices
Rock crevices provide a microclimate for mosses, ferns and some angiosperms. Indopoa paupercula (Stapf) Bor, Tripogon bromoides Roth, Fimbristylis tenera Schult are dominant in crevices. Neanotis spp. Glyphochloa spp. are common in crevices. They provide refugia for amphibians, reptiles and invertebrates and as such permit some resident amphibians to persist on the site through the dry months.
Soil filled depressions
Shallow soil filled depressions (less than 30cm depth) on Zenda as well as Masai sites have high species richness of herbs and include Paspalum canarae (Steud.) Veldkamp, Smithia spp., Habenaria spp. Pycreas spp., Jansenella griffithiana (C. Muell.) Bor, Coelachne minuta Bor, Linum mysorense B.Heyne ex Wall amongst many others. Deep soil filled depressions (soil depth greater than 30cm) have tall herbaceous vegetation or low woody species.
Areas with soil depth more than 1m on Zenda site support woody vegetation of Carissa congesta Wight, Catunaregam spinosa (Thunb.) Tirveng., Xantolis tomentosa Raf. etc. Forest patches of MemecylonSyzygium-Actinodaphne type are seen on undisturbed sites such as Zenda and Idarganj but the vegetation is generally low, 3-5m high due to strong winds and extreme climate on the plateau tops. Ficus spp. establish in deep clefts along the plateau edges. All sites have a rich fauna of Formicidae with genera associated with forest including Myrmicinae (Crematogaster spp.) and Formicinae (Polyrachis spp.).
Ephemeral Flush Vegetation (EFV)
Ephemeral Flush Vegetation (EFV) grows on gently sloping areas that allow slow seepage of rainwater through existing vegetation (Photo 5). It is a dominant community on unmined sites, and covers large areas of ferricrete sites. The community is dominated by Utricularia spp. (U. purpurascens Grah., U. albocaerulea Dalz., U. praeterita P. Taylor) and Eriocaulon spp. (E. sedgwickii Fyson, E. eurypeplon Koern., E. stellulatum Koern., etc.) (Photo 5). Swertia minor (Griesb.) Knobl., Cyanotis fasciculata, Drosera indica L., Dichanthium spp. and some other small ephemerals are common.
Depressions filled with water pools
During the monsoon, water accumulates on the plateaus filling depressions of all sizes. Pools of various depth on the sites range from 'micro pools' (up to 20 mm), to shallow pools (20-150mm deep), deep pools (150 -300mm) and finally semi-permanent ponds (>300mm in depth). Pool complexes with varying hydroperiods are not common in the wider landscape and are a valuable ecological resource (Brendoncket et al. 2015) .
These are sites for aquatic invertebrates. Temporal changes in aquatic invertebrates were seen from early occupants derived from the egg banks and aestivating larvae of permanent residents (e.g. Odonata and Coleoptera) joined later by active dispersers. Nymphs of several genera of Heteroptera were observed on the Masai and Zenda. The communities in ferricrete pools shift in phases with early ephemeral taxa such as the Hemipterans of the genus Micronecta dispersing and late emergers replacing them.
The vegetation in the pools and on the margin can be broadly classified as flooded terrestrial vegetation and aquatic vegetation. Aquatics like. Marsilea spp., Rotala spp. and members of Cyperaceae (Cyperus spp., Pycreas spp.,), Poaceae (Eleusine indica Gaertn., Oryza sativa L.) are frequent in deep water bodies on plateaus. Polygonum plebeium R. Br. form dense growth on dried up pond soil. Aquatic invertebrate species richness is correlated with the amount of vegetation in a pool. (Thorpe et al., in press).
Micro pools are used by a number amphibian species to deposit spawn in, some species' larvae remain in the pool with others grazing on the BSC on the wet surfaces of the boulders.
Shallow pools (Photo 3) are highly ephemeral in nature and are colonised by small aquatic coleopteran adults which are known to be active dispersers Dytiscidae Microdytes spp., Hydroporinae Clypeodytes spp. and Hydrophilidae Regimbartia spp. Larvae of a number of anuran species can be found alongside the invertebrates. Vernal pools are a scarce and recognised habitat that are recognised as being worthy of protection (Gioria in Yee 2015, Ch.7).
Some deep pools may retain water for a month or so even after the rain stops. Their vegetation is mostly similar to shallow pools but may also have floating hydrophytes. They have a rich invertebrate fauna which varies in community assemblage and species richness between high level sites and those below the escarpment. Members of the order Odonata, sub-orders Anisoptera and Zygoptera use the pools as breeding sites. Aquatic coleopterans belonging to five families and 31 genera have been recorded from pools on unmined ferricretes (Table 1) . Water Scorpions (Family Nepidae) are frequently encountered. Coleopterans only found in deeper pools include Hydrophilidae Hydrobiomorpha spp. and Hydrophilus spp.; Dytiscidae Cybister spp., Gyrinidae (Dineutus indicus and Orectochilus Patrus spp.) Hemiptera Heteroptera are represented by 7 families and 8 genera (Un-mined sites, Table 1 ). Decapoda are frequently encountered belonging to the family Potamidae with a number of species observed.
Semi-permanent ponds retain water almost till end of winter and may be dry or with little soil moisture during the summers. Their vegetation consists of typical hydrophytes including green algae, Nymphoides spp., Ludwigia sp., Persicaria glabra (Willd.) Gomez and Crinum viviparum (Lam.) R. Ansari and V.J. Nair.
In Amboli, trees overhanging such pools are used by foam nesting amphibians for example Rhacophorus malabaricus.
Drainage channels
At places, drainage channels of 100mm width or more but very little depth are seen running downhill into small puddles. Cryptocoryne spp. occupy the sides of such drainage channels.
Escarpment walls
Steep escarpment walls support a wide diversity of snails, aquatic coleopterans, frogs and cryptogamic flora during wet period. Mammals such as mouse deer, sloth bear and civets use the escarpment walls and caves as refugia and breeding sites. The invertebrate communities of the seeps along the escarpment edges are under researched.
Ecosystem services
Ferricretes provide supporting, provisioning as well as cultural ecosystem services. Provisioning services are principally water, fodder and to a minor extent medicinal plants together with fish and crabs for food.
Grazing and use of rock pools by wild animals as well as livestock is seen on all the unmined ferricretes in study area. Many plateaus are grazed by domestic livestock during the monsoon. Fodder is also harvested and carried off for use after the monsoon period.
Loose rocks have for a long time provided building material for the construction of dwellings and enclosure walls or simply to demark boundaries.
Lateritic plateaus are essential for recharging perennial springs (Buono, 2013) . Zenda and Masai ferricretes have perennial springs along the edges, on which villagers are heavily dependent. Villages gain irrigation and drinking water (Lad, 2009 ) originating from the plateaus. In addition it enables a range of aquatic habitats to persist below the high level plateaus well beyond the end of the rains.
Fish and crab collection from plateau ponds is common in monsoon. Medicinal plants such as Swertia densifolia (Griseb.) Kashyapa, Iphigenia spp. are collected from the plateaus.
Supporting services include pollination. The mass flowering of plants provides an intense resource for a number of pollinators which provide an essential ecosystem service for a range of crops in the surrounding area (Hobbhahn, et al. 2006) .
Cultural services including religious and more recently recreational uses are also provided by ferricretes. Most ferricretes have locally important shrines and memorial stones. The caves below Masai plateau are believed to have been used by Pandavas, mythical characters from Indian epic Mahabharat. This plateau also has historical significance and has become a significant tourist destination due in part to its proximity to Kolhapur. Two temples of the goddess Masai are important shrines visited by thousands of people annually. A temple with ancient carvings is present on the Zenda ferricrete. Regulatory services such as those for water (holding capacity and purification) and carbon sequestration have not been studied so far.
Unique features of ferricretes
Future research, especially on invertebrates and cryptogams will surely reveal high diversity and yet unknown ecological functions and as such they have significant biodiversity and educational value. Many new and endemic species have been described from ferricretes in the NWG region. Ceropegia jainii Ansari and Kulkarni, Merremia rhyncorhiza (Dalz.) Hall. f. are endemic threatened species reported from Amboli ferricretes. Amphibian species such as Raorchestes ghatei (Padhye 2013) , Indirana chiravasi (Padhye 2014) Amboli Toad, Xanthophryne tigerina (Biju et al., 2009) were reported from one or a few sites in this region. Endemic and threatened species restricted to one or few ferricrete sites have also been documented from Satara district and in low level ferricretes (Watve, 2013) . The scientific findings suggest that each ferricrete site may have unique and as yet undescribed biodiversity, owing to its functioning as "habitat island" (Thorpe et al. in press and Lewis et al. in press). Biodiversity of ferricretes differs widely from that of the surrounding weathered landscape. The scarcity of soil, extremes of environmental changes lead to formation of plant communities specific to each microhabitat which are not seen elsewhere.
The microhabitats and associated plant and animals communities described above are characteristic of ferricrete habitats. Hence, one can safely assume that these were present on the mined ferricrete sites in the past. In the absence of baseline documentation from mining sites the restoration can be compared with these reference sites.
Impacts of mining and restoration efforts
In the NWG, Bauxite mining follows the open cast mining model. In the mining process overburden of soil and vegetation is removed (Photo 2). Ore is removed by blasting or ripping with bulldozers and exported from the site for processing. Open cast mining completely removes the ferricretes surface, hence none of the microhabitats and plant and animal communities described above can be sustained on an active mining site. A wider secondary effect is impact of the removal of resources from visiting groups, for example birds and predators who hunt in the open space afforded by the plateau or those affected off site, for example stream communities in water bodies fed by springs below the site. The primary and secondary impacts have to be mitigated and compensated in the restoration process.
Mitigation
Mitigation is the process of preventing, reducing or offsetting any adverse impact of development on species resident on the site prior to commencement of work (Drayson and Thompson, 2013, Maron et al., 2012) . Ecological restoration (Benayas 2009), habitat restoration (Miller and Hobbs 2007) or ecosystem reconstruction (Cooke and Johnson 2002) have the simple sounding objective of reversing the damage or degradation caused by human activity. Within that broad remit there are subsets of activities that can be usefully considered when planning works to achieve the ideal of 'no net loss' of habitat, populations or the resources necessary for their long term persistence (Miller and Hobbs 2007; Maron et al., 2012; Drayson and Thompson 2013) . It belies the significant difficulties involved in replacing the previous communities and the resources they need to exist as self-sustaining communities. The restoration process should address not only the biodiversity but the ecosystem services that had previously been provided by the site. The provision of some ecosystem services are correlated to biodiversity and therefore an improvement in one will help the other. In the context of a site subject to open cast mining that may seem a difficult target to achieve but it must remain the primary objective. In some models, translocation of fauna is included, but this is difficult for almost all taxa.
Restoration
Two options are available for restoration: the traditional restoration based on natural recolonization and technical restoration where the processes involved, from land reclamation to species introduction, are all managed.
Outcome of traditional Restoration
The results of natural recolonization can be seen on partially mined or abandoned sites in the study area. Observations on Idarganj and Zenda sites show that the parts of the area that were explored for testing the ore quality, about 20-25 years ago are still almost barren areas in the midst of intact plateau vegetation. They lack the habitat heterogeneity of an undisturbed site. A thin BSC has established on these areas, but only select species of EFV, which have wind-dispersed seeds in large quantities (Eriocaulaon spp., Utricularia spp., Hedyotis spp.) have recolonized despite a seed source being adjacent. Tropek et al., (2012) point out that, significantly similar sites close to the restoration site are essential if rare pioneer species are to be able to recolonise, on Indarganj and Zenda recolonization is patchy. Some taxa will face specific difficulties. For example many tropical tree species' seeds are heavy and hold a large amount of free water giving them a very limited viability period and restricted dispersal reliant on suitable vectors (birds and mammals) remaining active in the post mining area. Other plant groups who depend on rare habitats such as those dependent upon rocky vernal pools will not be available unless the surrounding undisturbed source habitat has such resources within the relevant dispersal range.
Limitations of technical Restoration
The second option is technical restoration. In theory, technical restoration can be undertaken in steps, for example : restoration of substrate, re-creation of microhabitats, re-establishment of cryptogrammic crusts and later higher order flora, introduction or establishment of faunal communities of invertebrates, vertebrates, development of ecosystem processes interlinking flora and fauna and simultaneous refurbishing of ecosystem processes. Continuous monitoring to ensure self maintenance of the ecosystem will be required.
In practice, several challenges have been noted by Kulkarni et al., (2013) who have carried out technical restoration of Kasarsada and Durgamanwad mining sites (Photo 6).
• Lack of porosity of the clay layer left after ore removal damaging downslope springs. They use machines to scratch the surface of hard clay layer and machines to create cracks which can later be filled up.
• Lack of or scarcity of restoration material (soil/ overburden) leading to import of exotic material. They used two types of substrate; soil from surrounding intact plateau and silt from village waterbodies.
• Extreme sun, wind and weather conditions unsuitable for growth of most tree species except those locally adapted species present prior to mining.
• Challenges in restoring water drainage.
• Availability of substrate is the first challenge in technical restoration. Removal of ore leaves a hard layer of clay, poor in porosity and poor in nutrients at the same time destroying habitat integrity and all microhabitats unsuitable for growth of vegetation. This poses a major challenge in restoration as the clay layer is devoid of organic matter, has no fissures and is unsuitable for establishment of BSC which is a soil precursor on ferricretes. Standard procedure in mining restoration includes storage of overburden and backfilling. This is possible when large amount of overburden of soil is present. Hence it is unsuitable for ferricretes which have small amount of overburden and a limited quantity of soil. A seed bank stores seeds as a source for planting in case seed reserves in nature are destroyed. Imported soil will lack the seed bank of endemic and adapted species and may contain propagules of invasive species. So far there are no techniques or seed banks established for propagation of ferricrete plants nor are mycorrhizal associations and dispersal vectors fully known. Thus, restoration has to rely on existing seed banks or natural colonization process automatically excluding many species. Leaving a part of ferricrete surface intact during mining did retain seed banks, but the amount of recoverable seed material is very small, as most species are wind dispersed and thus scatter very small sized seeds over wide areas. This makes collection or storage of seeds very difficult. Similar issues exist regarding fauna for replacing communities. Ecological details for almost all ferricrete specialists are absent from the literature. Waterhouse, et al., (2014) found that soil microbial communities are sensitive to restoration process and the only way of preserving them was to remove, carefully store and replace the top 300mm of topsoil at the same time limiting the depth of storage piles. This process was also suggested for the conservation of soil invertebrates by Majer et al., (2013) . Mycorrhizal association of plateau plant species are not known but are common in low nutrient systems such as lateritic plateaus. This aspect has not been considered in bauxite mining restoration efforts in the study area.
In Durgamanwad, silt was procured from village tanks in surrounding areas, for plantation purposes (Kulkarni et al. 2013) . However, it is a poor alternative as silt is very different material from the original sandy -loam soil found on plateaus and has seeds of ruderal and invasive species alien to ferricrete habitats. Disturbance and importation of alien material (for construction fence) has been demonstrated to introduce potential invasive plants along the fence-line on the Kas plateau, a ferricrete in Satara district.
Soil from an intact plateau is a better option, but may not be available in large quantities as the soil layer on a ferricrete is generally shallow or inaccessible, located in depressions and surface cracks. Removing soil from intact ferricretes would also disturb an unmined and intact ecosystem extending the area disrupted. In Durgamanwad, soil was collected from adjacent unmined plateau and spread on the hard face to start restoration. However, without the BSC and without the crevices, most thinly spread soil material is just washed away during the heavy rains as the surface topography did not provide for depressions to allow soil to accumulate. It is thus critical for successful restoration to allow for and to encourage the formation of biological crust over a topographically heterogeneous surface before undertaking plateau flora restoration, but there is no established technique for this and natural formation of BSC takes several years.
Storage of overburden at a depth over 1m damages the biota within the spoil (Waterhouse et al., 2014) . In the active mining sites it was seen that the piled up overburden is quickly colonized by Senecio spp., Blumea spp., Themeda spp., Heteropogon spp. from surrounding scrub vegetation, which will add their seeds into soil. Backfilling, if practised, does not rebuild the plateau surface or the surface drainage pattern as was present in the intact habitat and hence cannot support the plant or animal communities of the pre-mining stage.
One of the major problems observed on restoration sites was the lack of heterogeneity in micro-habitat provision, specifically the absence of boulders, rock pools of all depths, shallow depressions or crevices which are all essential microhabitats for the reestablishment of amphibians, reptiles, invertebrates and flora. Kulkarni et al. (2013) mention recolonization of common shrub and tree species on restored areas. EFV species (Utricularia spp., Eriocaulon spp.) were also seen naturally colonizing restored areas. However, establishment of geophytes (Crinum spp., Chlorophyum spp.) and lithophytes was not seen due to absence of boulders and deep crevices.
Restoring the drainage pattern and diversity of aquatic habitats in the mined out area is a major challenge. Large pools of rain water form in excavated areas on the plateaus (Photo 4). However, the water was mostly used for mining tasks, such as washing of vehicles, sprinkling water over ore to reduce dust and for plantation activities. Due to this, the water was in regular use and aquatic flora seen on reference sites (Cyperus spp, Pycreas spp. Eleocharis, Oryza etc.) is absent. Such tanks do not have the low angle edge providing shallow areas required by many aquatic invertebrates (Gioria in Yee 2015 Ch. 7). Amphibian and invertebrate fauna that require aquatic vegetation cannot establish. Except a few large mammals, restoration of invertebrates or herpetofauna has not been reported.
Legal issues in restoration
Norms regarding EIA of projects such as mining were very weak and prescriptive in India until 1998. Major amendments in Environmental Law made in 2006 make it necessary to conduct EIA and Social Impact Assessment (SIA), for certain projects. Recent EIAs of proposed bauxite mining at Girgao, Ringewadi ferricretes (EIA, 2013) were conducted during March 2011 to May 2011 (summer) as the Terms of Reference (TOR) set by the Ministry of Environment and Forest asked for single season, non-monsoon data. As a result the EIA and EMP completely missed out the details of the seasonally diverse plant and animal communities. EIA of Mogalgad site (EIA, Mogalgad, 2013) lists characteristic ferricrete species. However, EMP of the site gives suggestions regarding plantation of trees, mostly exotic, aliens such as Acacia spp. Casuarina spp., etc. The EIAs do acknowledge the presence of waterbodies and springs in the villages but importantly do not comment on the impact of mining on these ecosystem services. In the absence of rigorous EIA and baseline data, it is not possible to create a sound EMP or to assess the success of restoration efforts.
EIA of Durgamanwad, Kasarsada and Idarganj mines were conducted several years ago, when the understanding of lateritic plateau ecosystems was extremely poor. The leases were not renewed mainly because of environmentalists protesting on various grounds against mining (Vagholiar and Moghe, 2003) . Idarganj mining was stopped on the basis of unique biodiversity values and the presence of the plateau in Radhangari Wildlife Sanctuary, at present Sahyadri Tiger Reserve. On Durgamanwad site extension of the mining lease and forest clearance was refused as it was within 10kms aerial distance from the Radhanagari Wildlife Sanctuary. On Kasarsada site, lease was not renewed and the site was returned to forest department. In both the cases, continuation of restoration efforts by the corporate agency is unlikely.
As per the notification (G.S.R. 330(E) Part II, Section 3, Sub-section (i) 10/04/2003) issued by the Government of India, Ministry of Mines Final Mine Closure Plan is to be prepared and approvals are to be taken as a part of the Mine Closure Plans. Final Mine closure activities are to be started towards the end of mine life and may continue even after the reserves are exhausted and/or mining is discontinued till the mining area is restored to an acceptable level by the appointed government regulatory bodies. However, restoration being a long term and dynamic process, the time period required to consider a restoration as "acceptable level" also needs to be finalized. The financial and technological responsibility to maintain the restoration at the acceptable level post mine closure, ensuring no degradation occurs after withdrawal of agencies also needs to be clearly stated and shared by the mining companies and government or private owners of the land.
The Wildlife Protection Act (1972) is only applicable to designated protected areas (National Parks, Wildlife Sanctuaries) and wildlife in different schedules but sites such as Zenda or Mogalgad are not included in protected areas. Plateau fauna, dominated by invertebrates and cryptogams is not included in the schedules of WPA and therefore does not get any special protection. Kulkarni et al., (2013) mention that regulating agencies only recognize specific models of restoration which are forest, grassland, agriculture etc. while plateau (ferricrete) flora restoration could be considered only in later stages. There is so far, no legal obligation on the mining company to restore a ferricrete to its unique pre-mining biodiversity. In case of Kasarsada and Durgamanwad, the forest (tree plantation) model was chosen in consultation with the company as "it is well recognized by regulating and monitoring authorities and an easier model to restore to, with well established technology" (Kulkarni et al. 2013 ). This limited the possibility of restoration of original biodiversity of ferricretes on this site. It is necessary for the regulating and monitoring authorities to understand the importance of restoration to pre-mining habitat. To restore to an alternative ecosystem will automatically exclude all specialist species. Some specific social issues are also presented by mining restoration. None of the studies or EMPs offer economic assessments which weigh the pros and cons in terms of valuation of livelihood impact of the loss of ecological services against the gain in terms of employment, infrastructural development or social uplifting of the rural communities in sustainable manner. In the pre-mining stage, the ferricrete habitats are common property resources, and villagers have rights of access and withdrawal of fodder, medicinal species, water and worship at shrines. This access had continued even in Reserve Forest (RF) areas. However, during the mining stage, the areas are secured by the company to prevent access of local people and livestock. This is a necessary procedure considering the valuable ore, machinery and also regular blasting for minerals, which makes the area risky to access. Abandoned mines pose many risks, due to dumps, deep waterbodies etc. Allowing free-access to restored areas post-mining may not be feasible as it can lead to disturbance in the restoration process. The sustainability of the restoration, after the end of mining lease is questionable, as the corporate body is not under any legal obligation to continue restoration when the lease ends.
The legalities regarding grant of access to local communities post-mining or post-restoration have never been clarified. Certain community rights over RF areas or even private areas are recognized under present laws. For example, the Forest Rights Act (2006) and Biological Diversity Act (2002) . It is unclear if the same rights will continue after mine closure. This will have long-reaching effect on the sustainability of the restored ecosystem, e.g. if local communities do have the rights to using the restored area for collection of forest produce (fodder, fuel etc.), then the model of restoration will need to be planned and executed in a manner to allow extractive activities at sustainable level. Otherwise over extraction may lead to loss of the restored biodiversity. It is not known if grazing and extraction are regulatory processes which create and maintain the plateau ecosystem so their exclusion may directly lead to a novel ecosystem even if the site is appropriately restored.
Global restoration scenario with special reference to bauxite mining
The published records of post bauxite mining restoration from northern WG bring out the challenges in restoration of the plateau flora. They do not offer any evidence of restoration leading to return of the site to the same flora and fauna as previously existed on the plateau sites, or to local reference sites.
The international evidence of post bauxite mining restoration is uniformly negative in the long term. Mining followed by restoration of all types leads to a shift in community structure from the pre-mining assemblage, even after 37 years, irrespective of the restoration model or level of expenditure (Majer et al. 2013; Courtney, et al. 2014) . The changes affect species at all scales from microbial to vertebrate. Herath et al. (2009) found that restored laterite sites shared only 12-37% of shrub species with natural sites. Gould (2012), also working on post bauxite mines, found plant community composition was significantly different from un-mined sites after 23 years with key framework species absent. Using ants as bio-indicators, Majer et al., (2013) found the community was still measurably different to reference sites 37 years post mining. In a meta-analysis of 20 studies using invertebrates to assess post bauxite mining recovery Majer et al., (2007) found tree monoculture damaged recovery. The shift in plant community assemblage is reflected in birds both in numbers and species richness (Brady and Noske 2010). Intra-specific relationships must therefore be considered when assessing recovery and not just the presence of individual species (Majer et al., 2007) . In spiders the community on mined sites was still distinct from reference forest sites but there appears to be a trajectory, with the oldest mined site being more similar to reference forest than younger mined sites (Majer et al., 2007) . However, even when pre-mining diversity is achieved the species mix of invertebrates may differ (Majer et al., 2007) .
Alcoa has noted success in recolonization of vertebrate groups post bauxite mining. In mammals, recolonization after 10 years is linked to resource availability in terms of food and shelter and the species source pool (Nichols and Grant 2007) . Total of 95% of bird species were found to recolonize. They do not comment on the 5% that did not recolonise and that small group may include rare species (Nichols and Grant 2007) . However, they have compared their success with some other studies of restoration and concluded that rates of bird recolonization vary, being more rapid for mesic forested areas but not so for semiarid shrub-steppe areas. The figure in reptiles was similar with 87.5% returning, but reptile species numbers and abundance tend to be lower in restoration than in unmined forest (Nichols and Grant 2007) . They have suggested that variable habitat requirements of the vertebrates species need to be understood and where possible met in a cost-effective manner to ensure their successful recolonization after restoration. Robust and long-term monitoring of mined and restored sites will be required to check if biodiversity in Western Ghats also responds in ways similar to that elsewhere. At present such long-term studies are lacking. Therefore, success of restoration efforts of mines, especially bauxite mines remains unknown. Phillips (2012) suggests that bauxite mining in Andhra Pradesh is unsustainable owing to environmental and social impacts. Therefore, there is a substantial case to refuse the mining applications at sites such as Mogalgad, Ringewadi, Burumbal, Girgaon, Dhangarwada in Kolhapur district in order to protect the unique floral and faunal communities and ecosystem services.
Conclusion
Any conclusion, as would any EIA, will be based upon incomplete knowledge of the biota and ecology of the high level ferricretes. Therefore our comments need to be considered as a view based upon our study, published literature and knowledge at this point in time.
Based upon our own findings and those published by others of post mining restoration outcomes we find :
• New species are being described from the high level plateaus that are known to be, or are suspected to be, unique to a single site. Given the rate of discovery of new species is relative to exploratory time and taxonomic effort it seems reasonable to hypothesise that every high level plateau can be expected to house unique taxa.
• A ferricrete, together with its unique micro-habitat heterogeneity and ecosystem services, cannot be recreated by ecological restoration to the pre-existing community. Current restoration practice has failed to recreate the range of micro-habitats or hydrological patterns that existed pre-mining.
• No evidence was found that the ecosystem services provided by a high level ferricrete could be, or have been, replicated.
• Current legal requirements do not recognise ferricretes as a non-forest ecosystem and therefore the current legal restoration guidelines are outmoded.
• The current legal framework does not identify the need to preserve ecosystem services for the communities around the ferricrete.
• The current legislative requirements exclude assessment of off-site systems impacted by the application, for example stream and escarpment communities.
• Detailed long term scientific research examining success of mine restoration, and establishment and recolonization of diverse taxa, is lacking.
Therefore mining of any ferricrete plateau is likely to cause irreplaceable loss of unique species, ecosystem services and key biogeographic features of one of India's and the world's most biodiverse locations. A similar impact is anticipated for ferricretes in the Konkan, however we recognise the impact of changes in hydrology and landscape may be less around low level ferricretes than for the high level plateaus. In the view of irreplaceable loss of unique and sensitive biodiversity and critical ecosystem services, bauxite mining in the Western Ghats biodiversity hot-spot should be subject to an immediate moratorium until the biodiversity value and ecosystem services of the sites are fully understood and can be weighed against the economic gains from mining. At the same time, mine closure plans should be implemented with the application of ecological restoration practices to the currently worked mining areas and old abandoned bauxite mines in the region to ensure at least partial mitigation of the impacts. 
